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(54) BALER

(67)  The present invention relates to a baler (2) for
forming a round bale in a process that includes a bale
forming phase, a binding phase wherein the bale is bound
with a binding material, and a cutting phase wherein the
binding material is cut. The baler includes a bale drive
rotating the bale with a circumferential speed (SB), a cut-
ter device (26) and binding mechanism (24) comprising
a supply device (28) supplying binding material (F) and
a feed mechanism (42) including a pull-off device (44)

drawing binding material from the supply device and
feeding it to the bale chamber (20). The pull-off device
comprises a rotary drive element (46) and a rotary drive
(68) for driving the rotary drive element. The pull-off de-
vice feeds the binding material at a first feed speed S1
during the binding phase and at a second feed speed S2
during the cutting phase, where S2 is greater than S1
and S2, during the cutting phase, is greater than SB.
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Description

[0001] The present invention relates to a baler that is
configured to form a round bale and bind the bale by
applying a binding material to a circumferential surface
of the bale.

[0002] In particular but not exclusively, the invention
relates to an agricultural baler that makes round bales
having a pair of circular end faces and a cylindrical cir-
cumferential surface. Such balers are generally referred
to as "round balers". Typically, a round baler has a bale
chamber in which the bale is formed and a binding mech-
anism that binds the bale by applying a binding material
to the circumferential surface of the bale. The binding
material, which may be stretch film or netting, binds the
bale to prevent expansion of the compressed bale ma-
terial after the bale is ejected from the bale chamber.
[0003] A round baler is typically configured to form a
bale by implementing a baling process that includes a
bale-forming phase in which a bale is formed, a binding
phase in which the bale is bound with a binding material,
and a cutting phase in which the binding material is cut,
after which the bound bale may be ejected from the bale
chamber.

[0004] During the bale-forming phase crop material is
fed into the bale chamber and rotated by rotating pressing
elements to form a bale. When the bale has reached a
desired size or pressure the baler enters the binding
phase in which a leading end of the binding material is
presented to the outer surface of the bale. The binding
material is then wrapped once or more around the cir-
cumference of the bale by feeding the binding material
into the bale chamber while rotating the bale. After bind-
ing has been completed the supply of binding material is
severed in the cutting phase and the bound bale is then
either ejected from the bale chamber or wrapped within
the opened bale chamber.

[0005] An apparatus for applying a binding material to
the outer surface of an agricultural bale is described in
EP1776860A1. This apparatus has a cycle of operation
in which the leading end of the binding material is pre-
sented to the outer surface of the bale when the bale has
reached a required size, the binding material is wrapped
at least once around the bale (typically 2-3 times for net-
ting or 4-5 times for film), and the supply of binding ma-
terial from the apparatus to the bale is severed when
binding of the bale has been completed. The binding
mechanism includes a supply device for a supply of bind-
ing material and a feed mechanism that feeds the binding
material from the supply device to the bale chamber. The
feed mechanism includes a pull-off device that draws
binding material from the supply reel and a feed mouth
that feeds and guides the binding material to the outer
surface of the bale. The feed mouth is moveable between
an operative feeding position near to the outer surface
of the bale where the binding material is presented by
the feed mouth to the outer surface of the bale, and a
retracted position which the feed mouth takes up when
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binding has been completed so that the binding material
can be severed.

[0006] US2012/0240527 describes an apparatus for
tensioning wrap material in a baler, comprising a brake
configured to slow the payoff of wrap material from a reel
of wrap material and a controller that manipulates the
brake. The apparatus enables a degree of passive con-
trol over the speed at which the wrap material is delivered
to the bale chamber.

[0007] Lately, the demand for silage bales that are
bound with stretch film instead of net binding material
has increased, owing to the fact that if the bales are sub-
sequently wrapped for full coverage with stretch film only
one type of material is used for both binding and wrap-
ping. Then, when the bale is to be used as silage, the
film binding material and the film wrapping can be peeled
off in one operation and can be more easily disposed of
or recycled, as they do not need to be separated.
[0008] Film binding material needs to be stretched be-
fore it is fed into the bale chamber to provide a tight bind-
ing on the bale and to economise on film usage. The
binding mechanism includes a supply device for a supply
of binding material, and a feed mechanism that feeds the
binding material from the supply device to the bale cham-
ber. The supply device typically includes a pre-stretcher
that stretches the film binding material lengthwise by
about 55-75%.

[0009] Additional stretching is usually provided be-
tween the feed mechanism and the bale chamber. The
feed mechanism may for example include a pull-off de-
vice comprising a driven feed roller that feeds the film
from the supply device to the bale chamber at a feed
speed that is less than the circumferential speed of the
bale as it rotates in the bale chamber. As a result, the
film binding material is additionally stretched lengthwise
between the feed mechanism and the bale chamber, typ-
ically by about 5-15%.

[0010] As the film binding material is highly stretched
during the binding phase, when the film is subsequently
severed during the cutting phase the stretched film con-
tracts and may spring back rapidly. As a result the sev-
ered end of film can be flung back and get caught up in
the feed mouth or around rotating parts of the feed mech-
anism, causing a blockage that has to be cleared before
binding can recommence.

[0011] A high degree of stretching is desirable to en-
sure that the bale is tightly bound and to economise on
film usage. However, the risk of a blockage increases as
stretching of the film is increased, owing to the increased
tension in the film. This imposes a practical limit on the
amount of stretching that can be applied to the film.
[0012] This problem may also be present when net
binding material is used, but generally to a lesser degree
as net binding material is not usually highly stretched
during binding. However, it is still desirable to control the
amount that the binding material springs back, even
when net binding material is used. Therefore, reducing
the risk of the binding material springing back after it has
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been cut may be important both for film binding material
and netbinding material, even thoughiitis generally more
important for film binding material.

[0013] Itis an object of the presentinvention to provide
a baler that mitigates one or more of the aforementioned
problems.

[0014] According to an aspect the present invention
there is provided a baler as defined by any one of the
claims.

[0015] Accordingtooneaspectofthe presentinvention
there is provided a baler configured to form a round bale
by implementing a baling process that includes a bale-
forming phase in which a bale is formed, a binding phase
in which the bale is bound with a binding material, and a
cutting phase in which the binding material is cut, the
baler comprising:

a bale chamber in which a bale is formed during the
bale-forming phase,

a bale chamber in which a bale is formed during the
bale-forming phase,

a bale drive mechanism that rotates the bale in the
bale chamber with a circumferential speed SB,

a binding mechanism that binds a bale in the bale
chamber during the binding phase by wrapping a
binding material around a circumferential surface of
bale, and

a cutter device that cuts the binding material during
the cutting phase,

the binding mechanism including:

a supply device that holds a supply of binding
material and

a feed mechanism that feeds the binding mate-
rial from the supply device to the bale chamber,
wherein the feed mechanism includes at least
one pull-off device that draws binding material
from the supply device and feeds the binding
material to the bale chamber, wherein the pull-
off device comprises a rotary drive element and
a rotary drive that drives rotation of the rotary
drive element, and wherein the pull-off device is
configured to feed the binding material at a first
feed speed S1 during at least a part of the bind-
ing phase and at a second feed speed S2 during
the cutting phase, where S2 is greater than S1
and S2 is greater than the circumferential speed
SB of the bale during the cutting phase.

[0016] Optionally, the second feed speed S2 is equal
to E*S1 where E is a coefficient in the range 1.2 to 4.0.
[0017] Increasing the feed speed of the binding mate-
rial from S1 to S2 during the cutting phase, before the
binding material is cut, reduces the tension in the binding
material and reduces the risk that it can spring back in
an uncontrolled fashion, potentially causing a blockage
within the feed mechanism. The reliability of the baler
can thus be improved.
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[0018] This also allows the amount of pre-stretching of
the binding material during the binding phase to be in-
creased, thereby increasing the tension in the binding to
bind the bale more tightly and reducing the consumption
of binding material.

[0019] The rotary drive actively drives rotation of the
rotary drive element during at least part of the binding
phase and the cutting phase, thus ensuring that the bind-
ing material is drawn from the supply device and fed to
the bale chamber at a controlled speed during both phas-
es of the binding process. This avoids problems associ-
ated with prior art balers where the speed at which bind-
ing material is drawn from the supply device and fed to
the bale chamber is controlled only passively, for exam-
ple by braking the reel of binding material.

[0020] Optionally, the circumferential speed SB of the
bale during the binding process is greater than S1. Ro-
tating the bale at a circumferential speed SB that is great-
erthan the feed speed S1 during the binding phase caus-
es stretching of the binding material between the pull-off
device and the bale chamber, in addition to any stretching
that may have been applied to the binding material pre-
viously.

[0021] Optionally, the circumferential speed SB of the
bale during the binding process is equal to D*S1 where
Dis a coefficientin the range 1.5 to 2.5. This is equivalent
to an increase in the length of the binding material of 50%
to 150%.

[0022] Optionally, S2 is equal to F multiplied by the
circumferential speed SB of the bale during the cutting
phase, where F is a coefficient in the range 1.05 to 1.25.
In other words, the second feed speed S2 during the
cutting phase, before cutting, may be 5% to 25% faster
than the circumferential speed SB of the bale during the
binding phase.

[0023] Optionally, the pull-off device is configured to
feed the binding material at a third feed speed S3 during
at least one different part of the binding phase, where S3
is different from S1. In other words, the pull-off device
may be operable to adjust the tension in the binding ma-
terial during different parts of the binding process in order
to control various properties of the binding.

[0024] According to another aspect of the present in-
vention there is provided a baler configured to form a
round bale by implementing a baling process that in-
cludes a bale-forming phase in which a bale is formed,
and a binding phase in which the bale is bound with a
binding material, the baler comprising:

a bale chamber in which a bale is formed during the
bale-forming phase, and

a binding mechanism that binds a bale in the bale
chamber during the binding phase by wrapping a
binding material around a circumferential surface of
bale, the binding mechanism including:

a supply device that holds a supply of binding
material and
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a feed mechanism that feeds the binding mate-
rial from the supply device to the bale chamber,

wherein the feed mechanism includes at least one
pull-off device that draws binding material from the
supply device and feeds the binding material to the
bale chamber, wherein the pull-off device comprises
a rotary drive element and a rotary drive that drives
rotation of the rotary drive element, and wherein the
pull-off device is configured to feed the binding ma-
terial at a first feed speed S1 during at least one part
of the binding phase and at a second feed speed S3
during atleast one different part of the binding phase,
where S3 is different from S1.

[0025] As noted above, the pull-off device may be op-
erable to adjust the tension in the binding material during
different parts of the binding process in order to control
various properties of the binding. For example, the baler
may be configured to apply one or more layers of binding
material at a first tension level then one or more further
layers of binding material at a second, higher tension
level to bind the bale more tightly and reduce the amount
of binding material used. Alternatively, the tension may
be reduced for the outermost layer or layers, to reduce
the risk of tearing or unwinding. The rotary drive actively
drives rotation of the rotary drive element during at least
part of the binding phase and the cutting phase, thus
ensuring that the binding material is drawn from the sup-
ply device and fed to the bale chamber at a controlled
speed during both phases of the binding process.
[0026] Optionally, the pull-off device is configured to
feed the binding material at a fourth feed speed S4 during
afeeding phase of the baling process, during which a cut
end of the binding material is introduced into the bale
chamber prior to the binding phase. The fourth feed
speed S4 may for example be equal to or slightly less
than the speed at which a feed device carries a cut end
of the binding material to the bale chamber, which may
be useful to control the position of the cut end as it is
introduced into the bale chamber. S4 may also be slower
than the circumferential speed of the bale S4, forexample
approximately 0.5*SB.

[0027] Optionally, the baler includes a controller that
controls operation of the pull-off device during each
phase of the baling process. The controller may for ex-
ample be a computer or other electronic control device.
[0028] Optionally, the controller includes an operator
interface that allows an operator to adjust one or more
of the feed speeds of the pull-off device. The operator
interface may optionally include a display and one or
more operator controls, and/or a touch-sensitive display.
[0029] The pull-off device comprises a rotary drive el-
ement that draws the binding material from the supply
device, for example a drive roller or a pair of rollers, and
a rotary drive that drives rotation of the rotary drive ele-
ment. The rotary drive may comprise a rotating compo-
nent of the baler or it may be a separate drive motor, for
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example an electric or hydraulic motor.

[0030] Optionally, the rotary drive comprises a clutch
that transfers rotary drive to the rotary drive element,
wherein the clutch is configured to control the feed
speeds of the pull-off device by adjusting slippage within
the clutch. This allows the clutch to drive the pull-off de-
vice at different drive speeds without changing the input
speed of the rotary drive.

[0031] Optionally, the clutch is an electromagnetic
clutch in which slippage is controlled by a PWM control
signal delivered to the electromagnetic clutch. The
amount of slippage can for example be determined by a
controller or it may be selected by an operator.

[0032] Optionally, the supply device includes a pre-
stretcher device that stretches the binding material be-
fore it reaches the feed mechanism.

[0033] Optionally, the pre-stretcher device is config-
ured to stretch the binding material lengthwise by a factor
in the range 1.55 to 1.75.

[0034] Optionally, the pre-stretcher device and the
feed mechanism are configured to stretch the binding
material lengthwise by a combined factor in the range
1.85t0 4.0.

[0035] Optionally, the binding material is a stretch film
binding material.

[0036] Optionally, the feed mechanism includes a feed
device between the pull-off device and the bale chamber,
which is configured to transfer a cut end of the binding
material to the bale chamber.

[0037] Optionally, the feed device is configured for
movement relative to the supply device between a feed
position adjacent a feed opening of the bale chamber,
which the feed device adopts when feeding binding ma-
terial into the bale chamber, and a retracted position
spaced from the feed opening. The feed device may for
example be configured for pivoting movement between
the feed position and the retracted position.

[0038] According to certain optional aspects of the
present invention there is provided a round baler com-
prising a bale chamber having a crop mouth for introduc-
ing bale material into the bale chamber and a plurality of
press elements, for example belts and/or rollers, config-
ured to compress bale material in the bale chamber to
form a round bale. The baler comprises a binding appa-
ratus configured to apply a binding material, optionally a
film binding material, to a circumferential surface of a
bale formed in the bale chamber to bind the bale.
[0039] Optionally, the baler comprises a cutter device
configured to cut the binding material after the bale has
been bound. Optionally, the binding apparatus includes
a supply device comprising a support for supporting a
supply of binding material. Optionally, the baler compris-
es a feed mechanism that feeds binding material from
the supply to the bale chamber. Optionally, the feed
mechanismincludes a feed device that receives the bind-
ing material. Optionally, the feed device is configured for
movement between a plurality of operational positions.
Optionally, said plurality of operational positions include
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afeed position adjacent a feed opening of the bale cham-
ber, which the feed device adopts when feeding binding
material into the bale chamber. Optionally, the plurality
of operational positions include a retracted position
spaced from the feed opening, which the feed device
adopts during cutting of the film binding material after the
bale has been bound. Optionally, the cutter device is con-
figured to cut the binding material between the feed open-
ing and the feed device when the feed device is in the
retracted position.

[0040] In an embodiment, the feed mechanism in-
cludes a pull-off device that is configured to draw binding
material from the supply. The pull-off device may for ex-
ample consist of an actively driven roller, or some other
driven element. The pull-off device may be controlled
draw binding material from the supply at different speeds
during different parts of the binding cycle. The provision
of an actively controlled pull-off device can reduce the
risk of the binding material springing back after cutting
and causing a blockage. It can also reduce the risk of the
binding material tearing, which may be important with
film binding material, and it can help with guiding a tongue
of binding material into the bale chamber so that it is
captured by the rotating bale.

[0041] Optionally, the supply device includes a pre-
stretcher device configured to stretch the binding material
before the binding material is applied to the cylindrical
surface of the bale.

[0042] Optionally, the pre-stretcher device is located
before the feed mechanism.

[0043] Optionally, the pre-stretcher device is config-
ured to increase the length of the binding material by a
factor of 1.3 to 1.8, or 1.55 to 1.75.

[0044] Optionally, the binding apparatus includes a
bundling device that is configured to bundle the binding
material before the binding material is cut. Optionally, the
bundling device is configured so that after the binding
material is cut, a cut end of bundled binding material
forms a tongue that extends from the feed mouth. Op-
tionally, the tongue has a width less than the width of the
unbundled binding material.

[0045] Optionally, if the binding material is bundled,
the tongue may have a stiffness that is greater than the
stiffness of the unbundled binding material. This is par-
ticularly useful with film binding material and allows great-
er control over the position of the tongue when it is in-
serted into the bale chamber through the feed opening,
thus ensuring more reliable feeding. It is also easier to
cut the film binding material when it is bundled into a
narrow tongue than when it is unbundled.

[0046] Optionally, the tongue has a width less than
20%, or less than 10%, or less than 5%, of the width of
the unbundled binding material. For example, an unbun-
dled film with a width of 600mm may typically be bundled
to produce a tongue with a width of 10-15mm (1.7-2.5%).
Alternatively, the film binding material may be unbundled
so that the tongue does not have a significantly reduced
width.
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[0047] Optionally, the bundling device is located before
the pull-off device, in order to bundle the film before it
arrives at the pull-off device. Alternatively, the bundling
device may be located after the pull-off device. In some
embodiments, no bundling device is provided.

[0048] Optionally, the bundling device may be config-
ured to bundle the binding material by rotating the plane
of the binding material about an axis that extends in the
feed direction of the binding material. Optionally, the
plane of the binding material may be rotated before (up-
stream of) the pull-off device. Alternatively, the bundling
device may be configured to bundle the binding material
by some other method, for example by providing a guid-
ing device that draws the edges of the binding material
inwards towards the centre of the binding material.
[0049] Optionally, the bundling device is configured to
bundle the binding material by rotating the support for
the supply of binding material.

[0050] Optionally, the feed device receives binding
material from the supply and is configured for movement
relative to the supply. For example, the supply may be
located in a fixed position relative to the frame of the baler
and the feed device may be configured for movement
relative to the frame. Optionally, the feed device may be
configured for pivoting movement relative to the frame.
This ensures precise positioning of the feed device when
feeding the binding material into the bale chamber
through the feed opening. It can also provide a substan-
tially vertical passage through or in front of the feed de-
vice in the retracted position, allowing a tongue or cut
end of the binding material to fall freely through or in front
of the feed device to the correct length.

[0051] Optionally, the feed mechanism may be config-
ured to feed a plurality of strips of binding material from
the supply to the bale chamber, and the bundling device
may be configured to bundle the plurality of strips of bind-
ing material. The plurality of strips of binding material
may comprise two strips or more than two strips. For
example, in one embodiment, two strips of binding ma-
terial are provided, each strip having a width of 600mm.
[0052] Optionally, after the binding material is cut, and
optionally while the feed device is in the retracted posi-
tion, the pull-off device may be driven to increase the
length of the tongue.

[0053] Optionally, during movement of the feed device
to the feed position, the pull-off device may be driven
actively to draw a length of binding material that is less
than the length required to accommodate movement of
the feed device to the feed position, for example from the
retracted position or the holding position. As a result, the
tongue may be partially drawn back into the feed device,
causing it to stand up in a more erect position, thereby
improving feeding of the tongue into the bale chamber.
[0054] Optionally, the pull-off device may be adjustable
to adjust the length of binding material drawn from the
supply during movement of the feed device to the feed
position. This enables adjustment of the length of the
tongue according to different operating conditions (e.g.
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different atmospheric conditions and different types of
film, as well as user preferences). All three adjustments
(actively driving the pull-off device after severing the bind-
ing material, braking the inertia-driven pull-off device and
actively driving the pull-off device while moving the feed
device to the feed position) can be used to control the
length of the tongue or cut end of binding material, there-
by ensuring reliable feeding into the bale chamber.
[0055] The pull-offdevice may be actively driven during
binding of the bale to draw binding material from the sup-
ply. This can reduce the risk of the binding material tear-
ing during binding of the bale.

[0056] Optionally, during binding of the bale the pull-
off device may be driven to feed the binding material to
the bale chamber at a speed that is less than the circum-
ferential speed of the bale in the bale chamber. For ex-
ample, the pull-off device may be driven to feed the bind-
ing material at approximately 90% of the circumferential
speed of the bale. If the feed speed of the pull-off device
is less than the circumferential speed of the bale, the
binding material will be stretched between the pull-off
device and the bale, ensuring atight binding. This stretch-
ing is in addition to any pre-stretching that may have been
applied previously, for example at the supply device.
[0057] Actively driving the pull-off device to feed the
binding material to the bale chamber can help to prevent
a tear in the binding material from spreading across the
full width of the binding material.

[0058] Optionally, the feed device comprises a feed
mouth that includes first and second feed elements con-
figured to grip opposite sides of the binding material.
[0059] Optionally, the first and second feed elements
comprise lips that are pressed together to grip the binding
material. Optionally, the lips may be resilient. Alternative-
ly the lips may be relatively inflexible.

[0060] Optionally, the first and second feed elements
are configured to be adjustable between a closed con-
figuration in which they grip the binding material and an
open configuration in which they do not grip the binding
material.

[0061] Optionally, the first and second feed elements
may be configured to adopt the open configuration when
the feed device is in the retracted position, for example
by pivoting of at least one of the feed elements.

[0062] Optionally, the first and second feed elements
may be configured adopt the closed configuration when
the feed device moves towards the feed position, to grip
the binding material.

[0063] Optionally, the first and second feed elements
may be configured provide a substantially vertical free
passageway between the first and second feed elements
in the open configuration, allowing a bundled tongue of
binding material to be fed easily through the feed device.
[0064] In another embodiment, the feed device com-
prises a single feed element.

[0065] Optionally, the pull-off device is driven to feed
the binding material from the supply to the feed device
while the feed device is in the retracted position and,
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optionally, when the first and second feed elements are
in the open configuration, to increase the length of the
cut end of binding material that extends from the feed
device. This allows the feed mechanism to compensate
for any retraction of the binding material as it is cut and
enables precise control over the length of the cut end of
binding material that extends from the feed device, en-
suring improved and more reliable feeding of the binding
material into the bale chamber.

[0066] Optionally, the binding material is film binding
material. Alternatively, the binding material may be net
binding material.

[0067] Optionally, the feed device is configured for piv-
oting movement between the plurality of operational po-
sitions. Optionally, the operational positions of the feed
device include a retracted position and a feed position.

[0068] Optionally, the operational positions of the feed
device further include a binding position between the re-
tracted position and the feed position, which the feed
device adopts during binding of a bale in the bale cham-
ber.

[0069] Optionally, the operational positions of the feed
device further include a holding position between the re-
tracted position and the feed position, which the feed
device adopts after the binding material has been cutand
before the feed device moves to the feeding position, in
which the feed device is closed to grip the cut end of the
binding material.

[0070] Optionally, the feed opening is located between
adjacent press elements (e.g. press rollers or press
belts).

[0071] Certain embodiments of the present invention

will now be described, by way of example, with reference
to the accompanying drawings, in which:

Figure 1 is an isometric view of a baler according to
an embodiment of the invention, showing the front
and left hand sides;

Figure 2 is an isometric view of part of the baler with
its external covers removed, showing the front and
the right-hand side;

Figure 3 is an isometric view of part of the baler with
its external covers removed, showing the front and
left-hand side;

Figures 4-7 are side views showing components of
a binding apparatus according to a first embodiment
of the invention in various operational positions;

Figure 8 is a schematic diagram of a control system
for the baler, and

Figure 9 is an isometric view of a binding apparatus
according to a second embodiment of the invention.

[0072] Figure 1 illustrates the main components of a
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round baler 2 according to an embodiment of the inven-
tion. The baler 2 may be of the variable chamber type or
the fixed chamber type.

[0073] In this embodiment the baler 2 is a combined
baler/wrapper machine, which includes a front section 4
where a bale is formed from bale material, and a rear
section 6 where the bale is wrapped with a stretch film
wrapping material. It should be noted that the invention
is also applicable to balers that do not include an inte-
grated wrapper section. In that case, bales formed by the
baler 2 may optionally be wrapped subsequently using
a separate wrapping machine as is well known in the art.
It should also be noted that the wrapper comprising the
rear section 6 may take alternative forms, as are known
in the art. The wrapper illustrated is of a conventional
orbital type and will not be further described.

[0074] The baler 2, which in this embodiment is of the
variable chamber type, includes a pick-up device 8 for
picking up bale material, for example cut straw or grass,
from the ground, a drawbar 10 for attaching the baler to
a tractor, support wheels 12, 14 and a plurality of press
elements comprising elongate belts 16 that are guided
around a set of rollers 18, 60 and/or driven press rollers
56, 62, 64. The belts 16 together with a pair of side plates
(not shown) create a cylindrical bale chamber 20 in which
around bale can be formed. The pick-up device 8 is con-
figured to feed the bale material into the bale chamber
20 through a crop mouth 21. The sides of the baler 2 are
covered by covers 22. The baler may be driven, for ex-
ample, via the power take off (PTO) of the tractor. Again,
these components are conventional and will not be fur-
ther described.

[0075] The baler also includes a binding apparatus 24
that is configured to apply a binding material, optionally
a film binding material, to a cylindrical circumferential sur-
face of the bale formed in the bale chamber to bind the
bale, and a cutter device 26 that is configured to cut the
film binding material after the bale has been bound. Ad-
ditional components of the baler are shown in figures 2
and 3, which show the internal mechanism of the baler
with the covers 22 and belts 16 removed.

[0076] The binding apparatus 24 includes a supply de-
vice 28 for a supply 32 of film binding material. In this
embodiment the supply 32 comprises two reels of film
binding material, each reel being mounted on a separate
support 30. In this embodiment the supports 30 are each
mounted on a pivot 34 which allows the support and the
associated reel to pivot through 90 degrees from a ver-
tical bundling position shown in figures 2, 3, 5and 6 to a
horizontal binding position shown in figures 4 and 7. An
actuator 36 is provided to drive rotation of the supports
30 and reels 32 between the vertical and horizontal po-
sitions. Alternatively, the reels may be mounted on afixed
supports so that they cannot be rotated to bundle the film
binding material.

[0077] The supply device 28 also includes a pre-
stretcher device 38 for stretching the film binding material
lengthwise asitis drawnfromthereel 32. The pre-stretch-
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er device 38 may be of a conventional kind, comprising
two rollers that are driven at different circumferential
speeds to stretch the film binding material lengthwise as
it passes around the two rollers. A freely-rotating supply
guide roller 39 located after the pre-stretcher device 38
also comprises part of the supply device 28.

[0078] In this embodiment, the baler also includes a
reel 40 of net binding material, which can be used instead
of the film binding material if, for operational reasons, the
use of net binding material is preferred. The provision of
a net binding system is optional.

[0079] Furtherfeaturesofthe binding apparatus 24 can
be seen in figures 4-7. The binding apparatus 24 com-
prises a feed mechanism 42 that supplies film binding
material F from the supply 32 to the bale chamber 20.
The feed mechanism 42 includes a pull-off device 44
comprising at least one driven roller 46, which can op-
tionally be braked by an adjustable brake 47. The pull-
off device 44 may also include a freely rotating pinch
roller 48 that cooperates with the driven roller 46 to grip
the film F as it passes through the pinch between the
rollers 46, 48. Alternatively, the pinch roller 48 may be
driven or it may be omitted. The film binding material F
may optionally be guided from the supply device 28 to
the feed mechanism 42 by firstand second freely-rotating
feed guide rollers 49, 49’.

[0080] The pull-off device 44 can be actively driven
from a drive pulley 65 via a drive belt 66 (see figure 2).
The drive belt 66 passes around a driven pulley 68, which
is connected to the driven roller 46 of the pull-off device
44 via clutch, for example an electromagnetic clutch 70.
The electromagnetic clutch 70 can be controlled elec-
tronically by a control signal, for example by a pulse-width
modulation (PWM) control signal, to adjust the degree of
slippage between the input and output sides of the clutch
70. Alternatively, a different kind of clutch can be used
that allows the slippage to be controlled. The control sig-
nal can be provided, forexample, by a controller 100 (Fig.
8). The pull-off device 44 can optionally be braked by the
adjustable brake 47 after the binding material has been
severed, to limit or prevent further driving of the binding
material by the inertia of the pull-off device 44.

[0081] As shown in Fig. 8, the controller 100 may in-
clude an operator interface 102 that allows an operator
to adjust the feed speed of the pull-off device 44 by ad-
justing the slippage of the clutch 70 as it transfers rotary
drive from the driven pulley 68 to the pull-off device 44.
The controller 100 may be connected to receive sensor
signals from one or more sensors including, for example,
a bale speed sensor 104 that senses the circumferential
speed SB of a bale as it rotates in the bale chamber
and/or a feed speed sensor 106 that senses the feed
speed (e.g.Sl, S2, S3 and/or S4) of the binding material
as it is fed by the pull-off device 44 to the bale chamber.
Furthermore, the controller 100 may be connected to
send control signals to one or more actuators that operate
different components of the baler including, for example,
a reel position actuator 108 that drives rotation of the
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supply reels between upright and horizontal positions to
control bundling of the binding material, and/or a feed
mouth actuator 110 that drives movement of a feed de-
vice between different operational positions, such as a
feed position, a binding position and a cutting position.
[0082] In this embodiment the feed mechanism 42 in-
cludes an optional feed device 50, which is located after
the pull-off device 44. In this embodiment the feed device
50 comprises a feed mouth with a pair of opposed feed
elements, for example comprising upper and lower lips
52, 53. The lips 52, 53 can be pressed against one an-
other to define a narrow slot through which the film bind-
ing material F passes or opened apart to provide a wider
slot.

[0083] Alternatively, the feed device 50 may comprise
a single feed element, for example a plate, which takes
the place of the lower lip 53 (the upper lip 52 being omit-
ted).

[0084] The feed device 50 is mounted on an arm 54
that can pivot about a pivot point 55 (Fig. 9). An actuator
(not shown) is provided for driving pivoting movement of
the pivot arm 54 and the feed device 50.

[0085] Operation of the binding apparatus is illustrated
in figures 4-7. Referring first to figure 4, this shows the
configuration of the binding apparatus during the binding
phase, in which a binding is applied to a round bale B in
the bale chamber. The film binding material F is drawn
from the supply reel 32 and passes through the pre-
stretcher device 38, which stretches the film lengthwise,
typically by about 55-75%. As the film is elastic this pre-
stretching ensures that when the film is applied to the
cylindrical surface of the bale B it is in tension so that it
binds the bale tightly.

[0086] Optionally, the pre-stretcher device 38 may in-
clude a stretch adjustment mechanism for adjusting the
amount of pre-stretching applied to the film. The stretch
adjustment mechanism may for example comprise two
or more gear sets between the rollers, which can be en-
gaged alternately to provided different relative speeds
between the rollers. Alternatively, the rollers may be con-
nected to one another by a continuously variable trans-
mission (CVT), a chain drive system with alternative gear
wheel ratios, a belt drive or separate electric drive motors
for the two rollers, allowing them to be driven at different
speeds.

[0087] The film binding material F passes along a feed
path from the pre-stretcher device 38 via the pull-off de-
vice 44 to the surface of the bale B via a feed opening
58 inthe bale chamber 20. The feed opening 58 is located
between a pair of adjacent press elements comprising,
in this case, an idler roller 60 that supports the belts 16
(if provided) and a driven press roller 62. The feed open-
ing 58 for the binding material is relatively narrow, having
a width between the idler roller 60 and the press roller
62 of typically 25-50mm.

[0088] The feed opening 58 is located away from the
crop mouth 21 through which bale material is introduced
into the bale chamber 20. The crop mouth 21 is located
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between a second press roller 64 and a third press roller
56 below the feed opening 58. The crop mouth 21 is much
wider than the feed opening 58, typically having a width
of 300-400mm. The feed path along which the film bind-
ing material F is fed from the pre-stretcher device 38 to
the surface of the bale B is defined by various compo-
nents of the feed mechanism 42 including the pull-off
device 44 and the feed device 50.

[0089] During binding of a bale, the bale B is rotated
within the bale chamber 20 by the press elements, which
may include belts and/or rollers. In the embodiment
shown in figure 4 the bale B rotates in a clockwise direc-
tion indicated by arrow A and the press elements, which
in this embodiment include both belts 16 and rollers (in-
cluding the idler roller 60 and the driven press rollers 56,
62 and 64), rotate anti-clockwise. A tongue T of the film
binding material F is fed into the bale chamber 20 though
the feed opening 58, between the two adjacent press
elements (idler roller 60 and press roller 62).

[0090] The film binding material F is drawn from the
reel 32 primarily by rotation of the bale B within the bale
chamber 20. The pull-off device 44 is driven during bind-
ing of the bale, for example from the drive pulley 65, via
the drive belt 66 and the electromagnetic clutch 70 (see
figure 2). The drive belt 66 passes around a driven pulley
68, which is connected to the driven roller 46 of the pull-
off device 44 via the electromagnetic clutch 70. The out-
put speed of the magnetic clutch 70 can be adjusted by
modulating the PWM control signal, which allows the pull-
off device 44 to feed film towards the bale chamber at an
adjustable feed speed.

[0091] Optionally, the pull-off device 44 can be braked
by the adjustable brake 47 after the binding material has
been severed, to limit or prevent further driving of the
binding material by inertia.

[0092] During binding of the bale with film binding ma-
terial, the pull-off device 44 is driven to feed film binding
material at a speed that is less than the circumferential
speed of the bale B in the bale chamber 20. Typically,
the pull-off device 44 may be driven at approximately
90% of the circumferential speed of the bale B. Because
the feed speed of the pull-off device 44 is less than the
speed at which the film binding material is drawn by the
bale, which is substantially equal to the circumferential
speed of the bale, the binding material will be stretched
between the pull-off device 44 and the bale chamber 20,
typically by about 50-150%, ensuring a tight binding. This
stretching of the binding material is in addition to any pre-
stretching that may have been applied by the pre-stretch-
er device 38.

[0093] If net is used to bind the bale, the net binding
material is normally drawn from the supply entirely by
rotation of the bale, without activating the pull-off device.
However, the pull-off device may also be driven to feed
the net at a speed less than the circumferential speed of
the bale to apply a small amount of stretch to the net
binding material.

[0094] If the film binding material starts to tear during
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binding, the actively-driven pull-off device 44 will continue
to rotate, reducing the risk that the film binding material
will tear across its full width.

[0095] During binding of the bale the feed device 50 is
located in a binding position, which is approximately mid-
way between the pull-off device 44 and the feed opening
58, where it serves to guide the film binding material F
from the pull-off device to the feed opening.

[0096] Optionally, during binding of the bale B the reel
32 may be located in the horizontal binding position so
that the axis of the reel 32 is substantially parallel to the
axes of the feed guide rollers 49, 49’, the axis of the pull-
off device 44, the axes of the rollers 60-64 and longitu-
dinal axis the cylindrical bale B. Therefore, there is no
twisting of the plane of the film binding material F as it
passes from the reel 32 to the surface of the bale B. This
ensures that the film binding material F is spread to its
full width as it is applied to the bale.

[0097] Inthisembodimenttwo strips of film binding ma-
terial F are applied side by side to the cylindrical surface
ofthe bale B to cover the width of the bale B. Alternatively,
a single strip or more than two strips of film binding ma-
terial F may be applied to bind the bale.

[0098] Once binding of the bale has been completed,
the feed device 50 is retracted and the cutter 26 is acti-
vated to cut the binding material F, so that the bound bale
B can be ejected from the bale chamber 20. The config-
uration of the feed mechanism 42 after the film binding
material F has been cut is illustrated in figure 5.

[0099] It should be noted that in this embodiment the
reels 32 of film binding material F have been rotated
through 90 degrees from the horizontal binding position
shown in figure 4 to a vertical bundling position, in which
the axis of the supply guide roller 39 is perpendicular to
the axes of the feed guide rollers 49, 49'. As a result, the
film binding material F is gathered together to form a nar-
row strip of bundled film binding material as it passes
over the feed guide rollers 49, 49’. The bundled strip of
film binding material typically has a width of only
10-15mm, compared to a width of typically 650mm for
the unbundled film binding material. Bundling of the film
is optional and may be omitted if not required.

[0100] The bundled strip of film binding material pass-
es through the pull-off device 44 and into the feed device
50. When the feed device 50 is in the fully retracted po-
sition it adopts an open configuration as shown in figure
5, where the two lips 52, 53 are spaced apart to form a
substantially vertical open passageway 72.

[0101] Optionally, the feed device 50 may be opened
whenitreachestheretracted position by the engagement
of aroller 74 with a fixed part 76 of the frame of the baler.
This causes the lower lip 53 to pivot open about a pivot
80. When the feed device 50 is in the open configuration,
the pull-off device 44 can be driven to feed a length of
film binding material F through the feed device 50 to in-
crease the length of the cutend of the film binding material
that extends from the front end of the feed device 50. If
the film material has been bundled this cut end of bundled
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film binding material forms a relatively stiff tongue T of
film binding material that extends from the end of the feed
device 50.

[0102] The length of the tongue T can be adjusted by
controlling operation of the pull-off device 44, for example
by adjustable braking of the pull-off device and/or by op-
eration of the electromagnetic clutch 70. Optionally, op-
eration of the pull-off device 44 can be controlled auto-
matically for example by an electronic control system or
a computer based on a number of factors including, for
example, one or more of the following factors: a user
setting for a long or short tongue, the PTO speed, the
stretch setting of the pre-stretcher device 38, and envi-
ronmental conditions such as temperature or humidity.
[0103] Figure 6 illustrates the feed mechanism 42 in a
holding configuration, which itadopts while a bale is being
formed in the bale chamber 20. The feed device 50 has
moved forward from the retracted position shown infigure
5 and the upper and lower lips 52, 53 have closed, grip-
ping the tongue T of film binding material that extends
from the feed device. Because the feed device 50 is
closed, the cut end of the film material is held securely
and cannot blow around, for example in windy conditions.
Also, because the feed device 50 is closed, dust and dirt
from the baler cannot enter the mouth of the feed device.
[0104] Figure 7 illustrates the feed mechanism 42 in
the feeding position, in which the cut end of the film bind-
ing material (the tongue T) is fed by the feed device 50
into the bale chamber 20 through the feed opening 58.
The feed device 50 has pivoted forwards towards the
bale chamber 20 so that the tongue T is caught between
the rotating bale B and the press roller 62, thus drawing
the film binding material into the bale chamber 20. It will
be noted that the feed device 50 extends into the narrow
feed opening 58 between the press elements (rollers)
60, 62, so that the position of the tongue T is closely
controlled.

[0105] The tongue T is optionally formed from bundled
film binding material, which has a much greater stiffness
that unbundled film binding material. This makes it easier
to control the position of the tongue during feeding. The
length of the tongue T may be controlled by operating
the pull-off device 44 as described above, to ensure that
it passes correctly through the feed opening 58 and is
caught by the bale B.

[0106] As the feed device 50 moves forwards from the
holding position to the feed position, the pull-off device
44 is driven by the arc gear 84 to draw film binding ma-
terial from the supply device 28. The pull-off device 44
is configured to draw a length of film binding material that
is less than the length required to accommodate move-
ment of the feed device 50 from the holding position to
the feed position. As a result, the tongue T is partially
drawn back into the mouth of the feed device 50, which
causes the tongue T to stand up in a more erect position.
This allows it to be fed more accurately through the feed
opening 58. The length of the tongue T is sufficient to
allow it to be caught between the rotating bale B and the
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press roller 62, so that the film binding material is drawn
around the cylindrical surface of the bale B as it rotates.
[0107] Once the tongue T of film binding material has
been caught by the bale B, binding of the bale can com-
mence. The feed mouth 50 is partially retracted from the
feed opening 58 to the binding position shown in figure
4. In this embodiment the reel 32 of film binding material
is rotated to the horizontal binding position so that the
film binding material F is not bundled as it is drawn off
the reel. The film binding material F is stretched by the
pre-stretching device 38, to increase the length of the
film binding material, for example by a stretch ratio of
about 55-75%. The pull-off device 44 is activated to draw
film from the supply, but it is driven to feed the binding
material ata speed S1 that is less that the circumferential
speed SB of the bale in the bale chamber, so that the
film is additionally stretched by about 50-150% as it is
drawn into the bale chamber 20 by rotation of the bale
B. In the event that the film binding material starts to tear,
the pull-off device 44 will continue to feed the film towards
the bale chamber, to ensure that the tear does not spread
across the entire width of the film.

[0108] The film binding material F passes through the
feed device 50 and is drawn over the edges of the upper
lip 52, which spreads the film so that the two strips of film
cover the full width of the bale. Most of the stretching of
the film takes place as the film is drawn over the edges
of the upper lip 52, owing to friction between the film and
the lip. Thus, the maximum tension occurs in the section
of the film between the lip and the bale. The total amount
of stretching is controlled by adjusting the degree of slip-
page in the clutch 70, thereby adjusting the difference
between the feed speed S1 of the film by the pull-off
device 44 and the speed at which the film is drawn into
the bale chamber by rotation of the bale at the circum-
ferential speed SB. Binding continues until an adequate
thickness of film binding material has been applied to the
cylindrical surface of the bale B. Typically, this may re-
quire three to five layers of film binding material.

[0109] Once binding of the bale has been completed,
the reel 32 of film binding material F may optionally be
rotated back to the vertical bundling position shown in
figure 5, so that the film binding material is gathered to-
gether into a narrow, bundled strip. The speed of the pull-
off device 44 is then increased, preferably to feed the
binding material at a feed speed S2 that is greater than
S1 and optionally greater than the circumferential speed
SB of the bale in the bale chamber, to reduce stretching
of the film. The cutter device 26 is then activated to cut
the film between the feed device 50 and the feed opening
58, and the brake 47 is applied to halt rotation of the pull-
off device 44. The feed device 50 is then retracted fully,
causing the feed device to open. The bound bale can
then be ejected from the bale chamber 20.

[0110] As the film binding material F has been
stretched by the pre-stretcher device 38, it is under ten-
sion. Therefore, when the film binding material is cut, the
tongue T contracts into the feed device 50 towards the
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pull-off device 44. The feed speed of the pull-off device
44 isincreased prior to cutting to the tension in the binding
material and prevent the tongue T from springing back
excessively.

[0111] After cutting, the pull-off device 44 is actuated
to feed an additional length of film binding material to-
wards the feed device 50, to increase the length of the
tongue T that extends from the end of the feed device
50. As the mouth of the feed device 50 is open, the film
binding material falls freely through the passageway 72.
Once the correct length of the tongue T has been fed
through the feed device 50, the pull-off device 44 is de-
activated, for example by disengaging the electromag-
netic clutch 70.

[0112] Optionally, the feed device 50 may then be
moved forward from the fully retracted position to the
holding position shown in figure 6. As it moves to this
position, the mouth of the feed device 50 closes, gripping
the tongue T of film material between the lips 52,53. The
feed device 50 remains in the holding position until the
next bale has been formed in the bale chamber 20.
[0113] Upon completion of the bale, the feed device
50 moves to the feed position shown in figure 7 to repeat
the binding process. During movement of the feed mouth
50 from the holding position shown in figure 5 to the feed-
ing position shown in figure 7, the pull-off device 44 is
driven by an arc gear 84 to draw a length of film binding
material that is less than the length required to accom-
modate movement of the feed mouth 50 from the holding
position to the feed position, so that the tongue T is drawn
partially back into mouth of the feed device 50. This caus-
es the tongue T to adopt an erect position in which it can
be inserted more easily into the feed opening 58.
[0114] In an embodiment of the invention, the baler is
configured to form a round bale by implementing a baling
process that includes a bale-forming phase in which a
bale is formed, a binding phase in which the bale is bound
with a binding material, and a cutting phase in which the
binding material is cut.

[0115] The pull-off device 44 is configured to feed the
binding material at a first feed speed S1 during the bind-
ing phase and at a second feed speed S2 during the
cutting phase, where S2 is greater than S1. The cutting
phase may include first increasing the feed speed of the
pull-off device 44 and then activating the cutter 26 to cut
the binding material. Increasing the feed speed of the
pull-off device 44 from S1 to S2 during the cutting phase
reduces the tension in the binding material before it is
cut, thereby reducing the risk that the cut end of binding
material will spring back and cause an obstruction in the
feed mouth or become wound around the feed mecha-
nism. Optionally, S2 is equal to E.S1 where E is a coef-
ficient in the range 1.05 to 1.25.

[0116] Optionally, during the binding phase the bale B
rotates in the bale chamber with a circumferential speed
SB, where SB is greater than S1. This increases the ten-
sion in the binding material. Optionally, SB is equal to
D.S1 where D is a coefficient in the range 1.50 to 2.50.
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[0117] Optionally, the pull-off device 44 may be con-
figured to feed the binding material at a third feed speed
S3 during part of the binding phase, where S3 is different
from S1. By varying the feed speed during the binding
phase the tension in the binding material in different parts
of the binding can be adjusted. For example, a first layer
of the binding can have a lower tension than a second
layer, to reduce the risk of tearing. The pull-off device 44
may also be configured to feed the binding material at a
fourth feed speed S4 during a feeding phase of the baling
process, during which a cut end of the binding material
is introduced into the bale chamber prior to the binding
phase.

[0118] Inthe embodiments described above, the bind-
ing material is described primarily as film binding mate-
rial. However, the invention is also applicable to other
types of binding material including net binding material.
[0119] The invention is primarily described in relation
to a baler that includes a bundling device for bundling
the binding material to produce a bundled tongue. How-
ever, the invention is also applicable to balers that do not
have a bundling device, in which an unbundled tongue
of binding material is fed into the bale chamber.

[0120] Thefeed device 50is described above primarily
as a feed mouth that includes upper and lower feed ele-
ments/lips 52, 53. Alternatively, the feed device may in-
clude only a single feed element equivalent to the lower
feed element 53, which may for example take the form
of a plate, the upper feed element 52 being omitted.
[0121] A second embodiment of the invention is illus-
trated in figure 9. This embodiment is identical to the first
embodiment shown in figures 1-8, except as described
below.

[0122] As shown in figure 9, a speed sensor 90 is pro-
vided for monitoring the speed of the film binding material
F at the pull-off device 44 as it is supplied to the bale
chamber 20 during the binding process.

[0123] In this embodiment the speed sensor 90 com-
prises a freely rotatable detection roller 92, which extends
across the width of the baler between the two pivot arms
54. Optionally, the detection roller 92 may be divided
lengthwise into two parts 92a, 92b so that if two strips of
film binding material F are used to bind the bale, each of
the roller parts 92a, 92b contacts one of the strips of film
binding material F. In this embodiment the detection roller
92 is located in the upper part of the feed mouth 50, just
behind the rear edge of the upper lip 52. However, it may
alternatively be mounted elsewhere, for example be-
tween the feed rollers 46,48 and the feed mouth 50.
[0124] The detection roller 92 is located in the path of
the film binding material F and it is positioned so that the
film binding material F runs over the surface of the de-
tection roller 92 during the binding process. Contact with
the film binding material causes the detection roller to 92
rotate as the binding material is drawn into the bale cham-
ber 20 by rotation of the bale B.

[0125] Rotation of the detection roller 92 is detected
by at least one rotation sensor 94, which is associated
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with the detection roller 92, to detect rotation thereof.
Various kinds of sensor can be used for the rotation sen-
sor 94. For example, the rotation sensor 94 may comprise
an optical sensor that detects light reflected from a mark
96 provided on the surface of the detection roller 92, or
it may comprise a magnetic sensor that senses a mag-
netic marker on the roller, or a Hall-effect sensor, or a
contact sensor, or numerous other kinds of sensor.
[0126] Instead of a detection roller, the speed sensor
90 may comprise a non-contact sensor that senses
movement of the film binding material as the binding ma-
terial is drawn into the bale chamber, without contacting
the binding material. For example, a non-contact speed
sensor 90 may comprise an optical sensor, an ultrasonic
sensor, a Doppler sensor or any other suitable sensor.
Alternatively, the speed sensor 90 may be configured to
sense the rotational speed of one of the rollers 46, 48 of
the pull-off device.

[0127] The speed sensor 90 may be configured to pro-
vide a control signal that indicates the speed at which
the film binding material F is delivered to the bale cham-
ber 20 by the pull-off device. The speed sensor 90 may
be connected to the controller 100, which receives the
control signal from the speed sensor 90. The speed sen-
sor 90 may be connected to the control device 100 by a
hard connection or a wireless connection. For example,
the speed sensor 90 may be connected to the control
device 100 by a control line, for example a wire or optical
fibre, or it may be connected wirelessly, for example by
Wi-FioraBluetooth™ connection, or by any other suitable
connection means.

Claims

1. A baler configured to form a round bale by imple-
menting a baling process that includes a bale-form-
ing phase in which a bale is formed, a binding phase
in which the bale is bound with a binding material,
and a cutting phase in which the binding material is
cut, the baler comprising:

a bale chamber in which a bale is formed during
the bale-forming phase,

a bale drive mechanism that rotates the bale in
the bale chamber with a circumferential speed
SB,

a binding mechanism that binds a bale in the
bale chamber during the binding phase by wrap-
ping a binding material around a circumferential
surface of bale, and

a cutter device that cuts the binding material dur-
ing the cutting phase,

the binding mechanism including:

a supply device that holds a supply of bind-
ing material and
a feed mechanism that feeds the binding
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material from the supply device to the bale
chamber,

wherein the feed mechanism includes at
least one pull-off device that draws binding
material from the supply device and feeds
the binding material to the bale chamber,
wherein the pull-off device comprises a ro-
tary drive element and a rotary drive that
drives rotation of the rotary drive element,
and wherein the pull-off device is configured
to feed the binding material at a first feed
speed S1 during at least a part of the binding
phase and at a second feed speed S2 dur-
ing the cutting phase, where S2 is greater
than S1 and S2 is greater than the circum-
ferential speed SB of the bale during the
cutting phase.

A baler according to claim 1, wherein S2 is equal to
E*S1 where E is a coefficient in the range 1.2 10 4.0.

A baler according to claim 1 or claim 2, wherein the
circumferential speed SB of the bale during the bind-
ing process is greater than S1.

A baler according to claim 3, wherein the circumfer-
ential speed SB of the bale during the binding proc-
ess is equal to D*S1 where D is a coefficient in the
range 1.5 to 2.5.

A baler according to any preceding claim, wherein
S2 is equal to F multiplied by the circumferential
speed SB ofthe bale during the cutting phase, where
F is a coefficient in the range 1.05 to 1.25.

A baler according to any preceding claim, wherein
the pull-off device is configured to feed the binding
material at a third feed speed S3 during at least one
different part of the binding phase, where S3 is dif-
ferent from S1.

A baler configured to form a round bale by imple-
menting a baling process that includes a bale-form-
ing phase in which a bale is formed, and a binding
phase in which the bale is bound with a binding ma-
terial, the baler comprising:

a bale chamber in which a bale is formed during
the bale-forming phase, and

a binding mechanism that binds a bale in the
bale chamber during the binding phase by wrap-
ping a binding material around a circumferential
surface of bale, the binding mechanism includ-

ing:

a supply device that holds a supply of bind-
ing material and
a feed mechanism that feeds the binding
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material from the supply device to the bale
chamber,

wherein the feed mechanism includes at
least one pull-off device that draws binding
material from the supply device and feeds
the binding material to the bale chamber,
wherein the pull-off device comprises a ro-
tary drive element and a rotary drive that
drives rotation of the rotary drive element,
and wherein the pull-off device is configured
to feed the binding material at a first feed
speed S1during atleastone part ofthe bind-
ing phase and at a second feed speed S3
during at least one different part of the bind-
ing phase, where S3 is different from S1.

A baler according to any preceding claim, wherein
the pull-off device is configured to feed the binding
material at a fourth feed speed S4 during a feeding
phase of the baling process, during which a cut end
of the binding material is introduced into the bale
chamber prior to the binding phase.

A baler according to any preceding claim, including
a controller that controls operation of the pull-off de-
vice during each phase of the baling process.

A baler according to claim 9, wherein the controller
includes an operator interface that allows an opera-
tor to adjust one or more of the feed speeds of the
pull-off device.

A baler according to any preceding claim, wherein
the rotary drive comprises a clutch that transfers ro-
tary drive to the at least one rotary drive element,
wherein the clutch is configured to control the feed
speeds of the pull-off device by adjusting a slippage
ratio within the clutch.

A baler according to claim 11, wherein the clutch is
an electromagnetic clutch and the slippage ratio is
controlled by a PWM control signal delivered to the
electromagnetic clutch.

A baler according to any preceding claim, wherein
the supply device includes a pre-stretcher device
that stretches the binding material before it reaches
the feed mechanism, and

optionally wherein the pre-stretcher device is
configured to stretch the binding material length-
wise by a factor in the range 1.55to 1.75, and/or
optionally wherein the pre-stretcher device and
the feed mechanism are configured to stretch
the binding material lengthwise by a combined
factor in the range 1.85 to 4.0.

A baler according to any preceding claim, wherein
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the binding material is a stretch film binding material.

A baler according to any preceding claim, wherein
the feed mechanism includes a feed device between
the pull-off device and the bale chamber, which is
configured to transfer a cut end of the binding mate-
rial to the bale chamber,

optionally wherein the feed device is configured for
movement relative to the supply device between a
feed position adjacent a feed opening of the bale
chamber, which the feed device adopts when feed-
ing binding material into the bale chamber, and a
retracted position spaced from the feed opening.
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